The HIV-1 vaccine field has debated the importance of eliciting strong functional antibody responses to prevent viral invasion of target cells versus eliciting potent T cell responses to kill virus-infected cells. This debate has converged on the consensus that both arms of the immune response will likely be necessary to achieve effective HIV-1 vaccination (1, 2). Additionally, the field has turned toward investigating TLR agonists and other adjuvants to enhance dendritic cell antigen presentation and augment vaccine-elicited responses (3) (4) (5) (6) (7) (8) . Despite repeated attempts to produce an efficacious HIV-1 vaccine, our knowledge of the adjuvant-specific impact on both the humoral and cellular arms of vaccine-elicited immune responses is still nascent. Moreover, the necessity of HIV-1 vaccine candidates to engage the innate immune system is an ongoing area of investigation (9, 10).
Vaccine adjuvant: an unexpected effect
In this issue, Sui et al. have demonstrated an unexpected effect of vaccine adjuvants on the development of T cell-mediated immunity that is potentially explained by innate immune regulation of vaccine-elicited cellular responses (11) . While the investigated application of an adjuvanted peptide-prime/modified vaccinia Ankara (MVA) boost simian immunodeficiency virus (SIV) vaccine approach did not protect against SIV acquisition in the nonhuman primate rectal challenge model, there was a notable decrease in viral load at set point in animals that received the SIV vaccine in combination with an adjuvant that modulates the T cell coinhibitory molecule PD1. Surprisingly, animals that received adjuvant alone exhibited a more pronounced decrease in viral load at both peak and set-point viremia compared with that observed in animals receiving adjuvant in combination with vaccine antigen. This adjuvant-protective effect was especially pronounced in animals that expressed the protective MHC class I allele Mamu-A*01. Moreover, this observed virus control was abrogated by depletion of CD8 + T cells. Thus, Sui and colleagues hypothesized that innate regulatory mechanisms limit the MHC class Irestricted cytotoxic T cell responses elicited by the vaccine antigens delivered with adjuvant compared with responses seen with adjuvant alone. In fact, Sui et al. demonstrated a correlation between the set-point viral load and the peripheral expansion of a myeloid cell population that phenotypically resembled myeloid-derived suppressor cells (MDSCs), suggesting an innate dampening of the vaccine-elicited responses following viral challenge (11) . This finding raises two important points to consider in future vaccine strategies for HIV-1 and other patho- The results from the study by Sui and colleagues (11) extend previous observations that TLR ligands may expand MDSCs in vivo (12) (13) (14) (15) (16) . Additionally, the results from Sui et al. (11) emphasize that adjuvant-driven MDSC expansion may have a detrimental impact on vaccine-induced immune responses and highlight the need for additional investigation on the impact of vaccine adjuvants on both innate and adaptive immune responses, including regulatory responses. The impact of the route of immunization on vaccine/adjuvantinduced MDSCs will also require further evaluation. Sui et al. used a mucosal route of immunization; however, it remains to be determined whether vaccine/adjuvant-induced MDSC responses are influenced by the route of immunization.
Future considerations for HIV-1 vaccine development
The work by Sui et al. (11) has highlighted innate immune cell regulation as a potential mechanism explaining the lack of success of clinical trials that aimed to elicit CD8 + T cell responses that would reduce or eliminate virus replication, such as the STEP trial, which evaluated the efficacy of an adenovirus-based vaccine candidate. (17) . While more studies will be required to confirm the impact of MDSCs on vaccine-elicited cellular immune responses, the data put forth by Sui et al. (11) suggest that assessing the myeloid cell expansion in response to vaccination could be critical in improving effective CD8 + T cell responses elicited by HIV-1 vaccination. As current HIV-1 vaccine candidates, such as the cytomegalovirus-vectored vaccines (18) , that target T cell responses and the elimination of early viral reservoirs move forward in preclinical and clinical vaccine trials, the impact of innate regulation on vaccine-elicited T cell responses should be considered in attempts to improve the effectiveness of these HIV-1 vaccines. Development of vaccines that target both cellular and humoral immune responses to block HIV-1 infection and eliminate early viral reservoirs will require researchers in the HIV-1 vaccine field to consider the complex immunologic principles that
